Introduction
Microorganisms have been proven via numerous researches to enhance the growth and yield of plants as they associate with these plant hosts. Several rhizosphere bacteria and fungi have been isolated, these organisms do well in the soil around the plants and they live in, on or around plant tissues. As they do so, they enhance the well-being of plants in several mechanisms.
Though macronutrient that is in high need by plants, the amount of potassium present in soluble, usable form by plants is so low with more than 90% of it found in insoluble form as part of the rocks and silicate minerals. Potassium (K) also tagged "the regulator" plays important role in the effective function associated with more than sixty plant enzymes. It also functions in conferring drought and disease resistance in plants, regulation of stomata cell movement, control of root growth and starch production in plants (Cakmak, 2005; Billore et al., 2009) .
As important as this element is to the healthy growth of plant, though so abundant in the soil in its insoluble form cannot be of much use to the plant unless it is solubilized. This is the form that now becomes useful.
RSM is a collection of mathematical and statistical techniques for empirical model building. An empirical statistical modelling technique employed for multiple regression analysis by means of quantitative data obtained from suitably designed experiments to simultaneously solve multivariable equations. By careful design of experiments, the objective is to optimize a response (output variable) which is influenced by several independent variables (input variables). This is done via an experiment which is a series of tests, called runs, in which changes are made in the input variables in order to identify the reasons for changes in the output response.
RSM was used in this experiment with the objective of optimizing the solubilization of feldspar, an insoluble potassium containing rock powder (output) by the microbial isolate Aspergillus terreus under varied conditions of glucose, urea, KCl, temperature and PH (independent variables being the inputs).
Potassium solubilizing microorganisms (KSM) have been proved to release potassium ion (K+) from potassium bearing minerals such as muscovite, feldspar, orthoclase, illite and mica. This release is made possible by acidolysis, exchange reactions, production of organic and inorganic acids, chelation, polysaccharides and complexolysis. This informs the role of Aspergillus terreus in this experiment.
Materials and Methods

Microorganisms and Medium
One microorganism that showed a higher potassium solubilizing effect from the isolated solubilizers from soils collected in Bangalore was selected. The isolation and screening of the potassium solubilizer was done using Aleksandrov agar medium containing 1% glucose, 0.05% MgSO 4 .7H 2 O, 0.0005% FeCl 3 , 0.01% CaCO 3 , 0.2% CaPO 4 and 0.5% potassium aluminium silicate, agar 3 % at pH 6.5 (Sugumaran and Janartham, 2007) . The selected best solubilizer was identified using standard cultural, morphological and biochemical methodology and further re-evaluated by 18S rRNA gene sequence analysis.
Characterization of the isolate
To identify the isolate, morphological and molecular tests were carried out. Czapeck dextrose agar medium was used to grow a pure culture of the isolate. Its colony characteristics were studied and the morphology examined in lactophenol cotton blue under compound microscope. 18S rRNA sequence analysis was adopted for molecular characterization of the isolate following these steps : Isolation of genomic DNA from the fungal sample. Amplification of 600-650 bp ITS region using high-fidelity PCR polymerase. Bidirectional sequencing of PCR products. Analysis of sequence data to identify the culture and its closest neighbours (William et al., 2000) . Primers used were: ITS-Forward Primer 5'-GRAAGNAHADGTVG KAA YAWSG-3'. ITS-Reverse Primer 5' -TCCTNCGY TKATKGVTADGH -3'. The crude sequence was submitted and aligned to/by the National Centre for Biotechnology Information (NCBI) database.
Analytical Method
Rhizosphere soil was collected form five spots, pooled together and mixed with Feldspar an insoluble potassium. The mixture was kept at room temperature for a week for adaptation. 1gm of this mixture was taken and added to 100ml of liquid made up of 0.5% feldspar, 0.05% yeast extract and 1% glucose. This was incubated for a week at 37C on 120 rpm (Parmar and Sindhu, 2013) . 
Potassium Solubilization under Varying Conditions and Optimization of Such Conditions to Maximize Potassium Solubilization
The isolate which showed clear zone was considered as K solubilizing culture and tested for its ability to solubilize K under different conditions of potassium, nitrogen, carbon, temperature and pH. These conditions were optimized for maximum solubilization.
To do this, the culture was grown for 48 hr. Loopful of the grown culture was inoculated into 25 ml Aleksandrov broth medium that was supplemented with either of these sugars: glucose, fructose, galactose, or xylose and a control flask that had no sugar added. The flasks were placed in an incubator for 10 days at 28 ± 2C. The same method was used for nitrogen sources that included peptone, urea and beef extract and NaNO 3 , potassium sources which were KCl and K2SO4, temperatures at 25C, 30C, 35C and 40C and pH at 6.5, 7.0, 7.5 and 8.0 (Parmar and Sindhu, 2013) .
Estimation of Potassium Released
A standard curve was prepared by the use of varying concentrations of KCl solution which ranged from 0 -100 ppm. Varying concentrations of potassium was taken in test tubes and to these tubes was added 5ml of sodium cobaltinitrite solution. Distilled water was added to make up the volume to 10 ml. They were incubated for 45 min at 37C to precipitate the potassium. They were then centrifuged for 5 min at 13,000 rpm for the precipitate to settle. After centrifuging, the supernatant was decanted, distilled water was used to wash the precipitate two times, it was further washed with absolute alcohol once. 10 ml of concentrated hydrochloric acid was then added and incubated for 15 -20 min at 37C till they developed green colour. Absorbance at 600nm was measured using a colorimeter.
Solubilized potassium in 5ml culture medium broth supernatant was estimated by the use of same procedure. The experiment for each parameter was carried out three times. The average of the three estimates was taken and referenced to the generated standard curve for the solubilized potassium to be estimated (Rajawat et al., 2014) .
Optimization of Solubilization Activity by Response Surface Method (RSM)
Experimental design was formulated according to the central composite design (CCD) method of RSM using Design Expert 10 software for the four selected parameters of temperature level, glucose, urea and potassium chloride (KCl) concentrations. Thirty runs of experiments were carried out at five levels for each variable ( Table -1 ). These values obtained were then fed into the Design Expert 10 to obtain RSM values and three-dimensional (3D) graphs.
All the flasks were incubated for 10 days and the amount of potassium solubilized was calculated using a Spectrophotometer according to the method of Rajawat et al. (2014) described above.
Results and Discussion
Isolated colony was found to make a clearance zone, indicating k-solubilization giving a Khandeparker's ratio of 2.33.
The fungal isolate was circular, whitish, cottonlike colonies showing yellow pigmentation under This means that 5b shows an increase in yield of solubilized feldspar as the concentration of urea and temperature increased with the maximum yield at a concentration of 7.98 mg/l and temperature of 30C beyond which there was a drop. The same trend was observed with temperature/KCl (5c) where there was increase in solubility with increase in temperature and KCl concentration with maximum yield at 30C /8.79mg/l. Figure 5d showed increased solubilization with increase in concentration of glucose and urea giving a maximum yield of 10.84 mg/l at concentration of 8.0mg/l and 7.98mg/l of glucose and urea respectively. Similarly, figures 5e and 5f shows an increase of solubilization with increase in concentration of glucose/ KCl (8.0mg/l /8.79mg/l) and urea/KCl (7.98 mg/l /8.79mg/l) respectively.
The culture gave a maximum yield of solubilized feldspar to be 10.84mg/l at temperature of 30C, the concentration of glucose, urea and KCl being 8.0mg/l, 7.98 mg/l and 8.79mg/l respectively ( Table -3 and Fig.-5) .
The RSM yield of solubilized feldspar at 10.84mg/l shows a higher yield than the yield of the independent variables of glucose, urea and KCl at 8mg/l, 7mg/l and 8mg/l respectively.
The actual solubization value of 10.84 mg/l is greater than the predicted value of 8.82 mg/l.
Conclusion
In this study, a fungal isolate showed zone of potassium solublization in aleksandrov medium using feldspar as the insoluble potassium source. Morphological and biochemical tests on the isolate from the rhizosphere soil that showed solubilization activity pointed to its identity as Aspergillus terreus.
Optimization tests with varying concentrations of carbon, nitrogen, potassium sources, temperature and pH showed encouraging solubilization ability by the isolate. The RSM values were significant.
